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An investigation has been conducted in the static 
test facility of the Langley l6-Foot Transonic Tun- 
nel to determine the effects of five geometric design 
parameters on the internal performance of conver- 
gent single-expansion-ramp nozzles. The effects of 
ramp chordal angle, initial ramp angle, flap angle, 
flap length, and ramp length were determined. All 
nozzles tested had a nominally constant throat area 
and aspect ratio. Static pressure distributions along 
the centerlines of the ramp and flap were also ob- 
tained for each configuration. Nozzle pressure ratio 
was varied up to 10.0 for all configurations. 
Results show that nozzle discharge coefficient is 
reduced when actual nozzle throat is skewed down- 
stream from the geometric nozzle throat. Thrust per- 
formance remained constant throughout the nozzle 
pressure ratio range. The most significant parameter 
affecting thrust performance was flap length. 
Introduction 
A number of studies of fighter aircraft configura- 
tions have shown potential benefits in the installa- 
tion of two-dimensional nozzles (refs. 1-7). It was 
indicated in some of these studies that integration 
of the nonaxisymmetric nozzle could provide a level 
of installed performance comparable to, and in some 
cases better than, the traditional axisymmetric noz- 
zle design. An important phase of the development 
of these nozzles for practical use on a production air- 
craft is the establishment of a documented data base 
of the internal nozzle performance and how that per- 
formance is affected by geometry changes. 
One of the most promising nonaxisymmetric 
nozzles that has been investigated is the single- 
expansion-ramp nozzle (SERN) (refs. 8-16). The 
SERN was originally designed to use a hood-type jet 
deflector to provide high angles of thrust vectoring 
required for vertical takeoff and landing (VTOL) o p  
eration (refs. 8 and 9). Requirements by conventional 
high-performance fighter aircraft for angles of thrust 
vectoring that could be achieved by varying the angle 
of the expansion ramp (refs. 9-11) led to the removal 
of the deflector which, in turn, reduced the weight 
of the nozzle. Some investigations have been done 
for specific configurations (ref. 6) or for variations 
of the SERN design such as the augmented deflec- 
tor exhaust nozzle (ADEN) (refs. 5 and 11). Data 
are available for the SERN on the effect of varia- 
tions in expansion ratio, flap length, and flap an- 
gle. (See ref. 13.) Configurations with thrust vec- 
toring (refs. 13 and 15) and with thrust reversing 
(ref. 13) have been tested, and data are available 
showing the effect of varying expansion-ramp length 
~~~~ ~ ~ ~ ~~ 
and expansion-ramp initial and chordal angles as well 
as flap length and flap angle (ref. 14). 
This paper adds to the experimental data base 
of SERN configurations by presenting static inter- 
nal performance data for convergent SERN config- 
urations. This type of nozzle could be used for 
an all-subsonic-mission aircraft that does not re- 
quire a means for controlling internal expansion ratio, 
thus allowing the use of this simpler, lighter, fixed- 
geometry nozzle. Investigations have been conducted 
on convergent SERN nozzles to show the effect of 
flap length, flap angle, expansion-ramp initial angle, 
expansion-ramp chordal angle, and expansion-ramp 
length. All nozzles had the same nominal throat area 
and aspect ratio. The nozzle external expansion ra- 
tios varied from 1.17 to 2.05. This investigation was 
conducted in the static test facility adjacent to the 









vertical displacement between 
end of nozzle ramp and flap 
multiplied by nozzle width, in2 
external geometric nozzle expan- 
sion ratio 
measured nozzle throat area 
(table l), in2 
pitching-moment coefficient, 
MIpa At ht,n 
normal-force coefficient, N/paAt 
measured thrust along body axis, 
lbf 
ideal isentropic gross thrust, 
Ibf 
resultant gross thrust, 
d m ,  lbf 
gravitational constant, 
32.17 ft/sec2 
nominal nozzle-throat height, 
1.00 in. 
length of flap (see fig. 2), in. 
length of expansion ramp 
(see fig. 2), in. 
measured pitching moment 
(about point on model centerline 











measured normal force, lbf 
nozzle pressure ratio, p t , j / p a  
local static pressure, psi 
ambient pressure, psi 
jet total pressure, psi 
specific gas constant, 
53.364 ft-lbf/lbm-"R 
jet total temperature, "R 
ideal weight-flow rate, lbf/sec 
measured weight-flow rate, 
lbf/sec 
axial coordinate measured from 
nozzle connect at station 41.13 
(positive downstream), in. 
vertical coordinate measured 
from horizontal model centerline 
(positive upward), in. 
flap angle (see fig. 2) ,  deg 
ratio of specific heats, 1.3997 for 
air 
6 result ant t hrus t-vec tor angle, 
tan-l (N/F), deg 
9 expansion-ramp chordal angle 
(see fig. 2), deg 
P expansion-ramp initial angle 
(see fig. 2), deg 
Abbreviation: 
SERN single-expansion-ramp nozzle 
Nozzle and nozzle component designations: 
First character in nozzle configuration designation: 
A-H expansion-ramp designa- 
I 
tion (see table Al) 
I Second character in nozzle configuration designation: 
I-w flap designation (see 
table A2) 
Number in nozzle configuration designation: 
1-4 sidewall designation (see 
fig. 3) 
Apparatus and Methods 
Static Test Facility 
This investigation was conducted in the static test 
facility of the Langley 16-Foot Transonic Tunnel. All 
tests were conducted with the jet exhausting to the 
atmosphere. This facility utilizes the same clean, 
dry-air supply used in the 16-Foot Transonic Tunnel 
(ref. 17) and an air-control system that includes 
valving, filters, and a heat exchanger (to operate the 
jet flow at constant stagnation temperature). 
Single-Engine, Propulsion-Simulation System 
A sketch of the single-engine, air-powered na- 
celle model (described in ref. 17) on which the var- 
ious nozzles were mounted is presented in figure 1 
with a typical SERN configuration attached. An 
external high-pressure air system provided a contin- 
uous flow of clean, dry air at a controlled temper- 
ature of about 530"R (measured at the instrumen- 
tation section). This high-pressure air was brought 
through a dolly-mounted support strut by six tubes 
that were connected to a high-pressure plenum cham- 
ber. In order to minimize any forces imposed by the 
transfer of axial momentum as the air passed from 
the nonmetric high-pressure plenum to the metric 
low-pressure plenum (attached to the force balance), 
the air was discharged radially into the model low- 
pressure plenum through eight multiholed sonic noz- 
zles equally spaced around the high-pressure plenum 
as shown in figure l(a). Two flexible metal bellows 
were used as seals and served to compensate for the 
forces caused by pressurization. Figure l(b) shows a 
cross section of the flow transfer assembly. 
The air was then passed from the model low- 
pressure plenum through a transition section that 
provided a smooth flow path for the airflow from 
the round low-pressure plenum to the rectangu- 
lar choke plate and instrumentation section. The 
transition section, choke plate, and instrumentation 
section were common for all SERN configurations 
tested. The instrumentation section had a flow path 
width-to-height ratio of 1.437. All nozzle configura- 
tions were attached to the instrumentation section at 
model station 41.13. 
Nozzle Design and Models 
There are two basic components in a single- 
expansion-ramp nozzle (SERN), a two-dimensional 
flap that is relatively short in comparison with the 
second component which is a two-dimensional ramp. 
In SERN designs the portion of the ramp down- 
stream of the nozzle throat serves as an expansion 
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surface. The ramp can be fixed or have variable ge- 
ometry by rotation of the entire external ramp down- 
stream of the throat or by rotation of a small portion 
of the downstream ramp in order to control external 
expansion ratio (refs. 13 and 15). Rotating the en- 
tire ramp has been shown to be more efficient from 
a performance standpoint than rotating a small por- 
tion of the ramp. This is because deflection of the 
supersonic exhaust flow generally results in perfor- 
mance losses. The flap may vary to provide internal- 
expansion-ratio control. 
Although the typical SERN nozzle is convergent- 
divergent, the nozzle models of the current investiga- 
tion are convergent nozzles and do not have internal 
expansion. That is, the trailing edge of the flap is 
used to set the nozzle minimum area (the throat), 
and the only expansion surface is that portion of the 
ramp downstream of the throat. 
The geometric parameters varied for the ramp 
and flap are shown in figure 2. The values of 
these parameters for each configuration are given in 
table 1. All configurations had a nominal throat 
width of 4.0 in. and a throat aspect ratio of nomi- 
nally 4.0. The lengths of the two flat portions of the 
ramp were adjusted to obtain the variations in ini- 
tial ramp angle p to produce the selected values of 
p - 8 .  (See table 1.) The internal geometry of the 
ramps and flaps is given in appendix A. The nozzle 
sidewalls provided full containment of the flow for all 
configurations tested. Geometry details of the side- 
walls are shown in figure 3. 
Instrumentation 
A six-component strain-gauge balance was used 
to measure the forces and moments on the model 
downstream of station 20.50. (See fig. l(a).) Jet 
total pressure was measured by means of a four-probe 
rake through the upper surface, a three-probe rake 
through the side, and a three-probe rake through 
the corner of the instrumentation section (fig. 1). 
Jet total temperature was measured by a shielded 
thermocouple probe that was also located in the 
instrumentation section. Mass-flow rate of the high- 
pressure air was measured by a pair of critical-flow 
venturis. All ramps and flaps were instrumented with 
internal static pressure orifices located on the plan 
view centerline. 
Data Reduction 
All data were recorded on magnetic tape with 
50 frames of data averaged at each data point for 
use in computations. With the exception of re- 
sultant gross thrust FT, force and resultant thrust- 
vector-angle data are referenced to the model center- 
line. Nominal throat height ht,n and measured nozzle 
throat area At (see table 1) were selected as non- 
dimensionalizing constants since conventional air- 
craft nondimensionalizing constants are not normally 
associated with isolated nozzle tests. 
Data are presented in basic performance param- 
eters of internal thrust ratio, resultant thrust ratio, 
resultant thrust-vector angle, and nozzle discharge 
coefficient, which is the ratio of measured weight- 
flow rate to ideal weight-flow rate. The ratios of 
nozzle internal static pressures and jet total pres- 
sure are presented as a function of NPR and non- 
dimensionalized axial location for each configuration 
in appendix B (table Bl). Presented in appendix C 
are normal-force and pitching-moment coefficients for 
each configuration. The balance axial-force measure- 
ment, from which actual nozzle thrust is obtained, 
is corrected for model weight tares and balance 
interactions as are all other forces and moments. Al- 
though the bellows arrangement previously described 
was designed to eliminate pressure and momentum 
interactions with the balance, small bellows tares still 
exist on all balance components. When the bellows 
are pressurized, there are small differences in the for- 
ward and aft spring constants; there are also small 
differences in the pressure between the ends of the 
bellows at high internal velocities. These differences 
result in the bellows tares. In order to determine the 
bellows tares, calibration nozzles were tested over a 
range of expected normal force and pitching moment 
as discussed in reference 10. To obtain actual nozzle 
thrust, normal force, and pitching moment, balance 
data were corrected in a manner similar to that dis- 
cussed in reference 10. 
Although six balance components were computed, 
none of the nozzle configurations were designed to 
produce any significant lateral forces or moments and 
none are presented. The corrected balance data are 
then used to determine the basic performance param- 
eters. The ideal gross thrust FT is computed based on 
measured weight-flow rate, jet total pressure, and jet 
total temperature. The computed ideal weight-flow 
rate wi is based on jet total pressure, jet total tem- 
perature, and measured nozzle throat area. Nozzle 
discharge coefficient is the ratio of measured weight- 
flow rate wp to the ideal weight-flow rate wi and is a 
measure of the ability of a nozzle to pass mass flow. 
All the data-reduction equations and methods can 
be found in reference 18. The internal nozzle static 
pressures were nondimensionalized by dividing them 
by the jet total pressure. 
3 
~ 
Presentation of Results 
Basic nozzle internal performance data for all con- 
figurations and internal static pressure distributions 
for selected configurations are presented graphically 
in figures 4-26. The basic nozzle internal perfor- 
mance data, which consist of thrust ratio FIFi,  resul- 
tant thrust ratio F,/Fi, discharge coefficient wp/wi, 
and resultant thrust-vector angle 6, are presented as 
a function of nozzle pressure ratio (NPR). Pitching- 
moment coefficient C, and normal-force coefficient 
f5" for each configuration are presented graphically 
as a function of nozzle pressure ratio in appendix C. 
The normal-force and pitching-moment coefficients 
are presented for information purposes only and will 
not be discussed separately. Variations in the noz- 
zle geometry usually result in a change in external 
expansion ratio, which shifts the pressure ratio for 
optimum performance. Performance changes are ex- 
pected when these geometric variations are made, 
but the change cannot always be described as bene- 
ficial or detrimental. All data were machine plotted 
and curves were faired with a spline curve fit. 
The results are presented graphically in the following figures: 
Nozzle static internal performance Figure 
Effect of ramp chordal angle, 0: 
lj/ht,n = 4.74; p-6  = 2.0'; p = 15.0' . . . . . . . . . . . . . . . . . . . . . . . .  4 
lj/ht,n = 5.14; p-0  = 5.0'; p = 18.0" . . . . . . . . . . . . . . . . . . . . . . . .  5 
Effect of initial ramp angle, p-0 :  
0 = 4.4'; lj/ht,n = 4.74; p = 10.5' . . . . . . . . . . . . . . . . . . . . . . . . .  8 
. . . . . . . . . . . . . . . . . . . . . . . .  e = 8.90; i j l h t , ,  = 4.14; ,o = 4.00 
0 = 8.9'; lj/ht,n = 4.14; p = 15.0' 
8 = 8.9'; l f /ht ,n = 4.14; p = 21.0' 
0 = 8.9'; lj/ht,n = 4.74; p = 15.0' 
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. . . . . . . . . . . . . . . . . . . . . . .  
0 = 8.9'; lj/ht,n = 5.14; p = 21.0' . . . . . . . . . . . . . . . . . . . . . . . .  11 
Effect of ramp length, 1, . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 
Effect of flap angle, 0: 
. . . . . . . . . . . . . . . . . . . . . .  0 = 4.4'; lj/ht,n = 4.74; p-0  = 2.0' 
0 = 4.4'; lj/ht,n = 4.74; p-0  = 5.0' 
0 = 8.9'; lj/ht,n = 4.14; p-8  = 2.0' 
8 = 8.9'; lj/ht,n = 4.14; p-0  = 5.0' 
0 = 8.9'; If/ht,n = 4.14; p-0  = 8.0' 
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0 = 8.9'; lj/ht,n = 5.14; p-0  = 5.0' . . . . . . . . . . . . . . . . . . . . . .  19(b) 
Effect of flap length, l j :  
e = 4.40; p-e = 5.00; p = 13.50 . . . . . . . . . . . . . . . . . . . . . . . . .  21 
0 = 8.9'; p-0  = 5.0'; p = 15.0' =(a) 
e = 8.90; p-o = 5.00; p = 21.00 22(c) 
e = 8.90; p-o = 2.00; p = 15.0' . . . . . . . . . . . . . . . . . . . . . . . . .  23 
e = 13.40; p-o = 5.00; p = 22.50 . . . . . . . . . . . . . . . . . . . . . . . . .  25 
. . . . . . . . . . . . . . . . . . . . . . . .  
8 = 8.9"; p-0  = 5.0'; p = 18.0' . . . . . . . . . . . . . . . . . . . . . . . .  22(b) 
. . . . . . . . . . . . . . . . . . . . . . . .  
0 = 8.9"; p-0  = 8.0'; p = 21.0' . . . . . . . . . . . . . . . . . . . . . . . . .  24 
Static pressure distribution 
Effect of ramp chordal angle, 0: 
l j /ht ,n = 4.74; p-8  = 2.0'; p = 15.0' . . . . . . . . . . . . . . . . . . . . . . . .  6 
l j /ht ,n  = 5.14; p-6  = 5.0'; p = 18.0' . . . . . . . . . . . . . . . . . . . . . . . .  7 
4 
Effect of initial ramp angle, p-8: 
8 = 4.4'; l f / h t , n  = 4.74; p = 10.5' . . . . . . . . . . . . . . . . . . . . . . . .  12 
. . . . . . . . . . . . . . . . . . . . . . . .  13 
. . . . . . . . . . . . . . . . . . . . . . . .  14 
16 
8 = 8.9'; l f l h t , ,  = 4.74; p = 15.0' 
8 = 8.9'; l f / h t , n  = 5.14; /3 = 21.0' 
Effect of ramp length, 1, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Effect of flap angle, p . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 
Effect of flap length, l f  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26 
Results and Discussion 
The convergent SERN nozzles of the current in- 
vestigation do not have internal expansion. The 
exhaust-flow expansion process, which is totally ex- 
ternal and occurs from the end of the flap, is bounded 
by the free (ambientlexhaust) boundary and by the 
expansion ramp. That is, these nozzles have only 
an external expansion ratio associated with them, 
and design NPR (see table 1) is based on this exter- 
nal expansion ratio. The expansion of the exhaust 
flow over the external ramp produces a resultant 
thrust force that does not act along the horizontal 
centerline of the nozzle. The direction of this force 
varies with nozzle pressure ratio and can be expressed 
in terms of resultant thrust-vector angle. At over- 
expanded conditions (NPR less than design for fully 
expanded external flow), the single-expansion-ramp 
nozzle generally produces negative resultant thrust- 
vector angles (nose-up pitching moment). At NPR 
greater than design (underexpanded flow), the resul- 
tant thrust-vector angles are generally positive (nose- 
down pitching moment). Near design NPR, the re- 
sultant thrust-vector angles, though generally close 
to zero, are dependent on specific nozzle geometry. 
When a single-expansion-ramp nozzle is integrated 
into a complete aircraft configuration, this vertical 
force exerted on the ramp can be a pitching-moment 
contribution and would have to be included for trim 
or control consideration. 
Ramp Chordal Angle 
As with many of the geometric parameters in 
the single-expansion-ramp nozzle, changing the ramp 
chordal angle 8 causes a change in the nozzle ex- 
pansion ratio. When 8 is increased, external expan- 
sion ratio also increases. (See table 1.) Figures 4 
and 5 show the effect of increasing 8 and conse- 
quently p (initial ramp angle) to maintain a con- 
stant value of p-S on the nozzle internal performance 
characteristics. In general, all configurations main- 
tained a constant level of resultant thrust ratio F,/Fi 
throughout the nozzle pressure ratio range. The 
configurations with the smaller ramp chordal angle 
provided better performance at the lower values of 
NPR and poorer performance at the higher nozzle 
pressure ratios than those configurations with the 
larger chordal angles. Those nozzles with smaller 
expansion ratios have higher underexpansion losses 
at the high nozzle pressure ratios, and conversely the 
nozzles with the larger expansion ratios (larger 8) 
had greater overexpansion losses at the low nozzle 
pressure ratios. Similar results for varying expansion 
ratio were noted in reference 13. 
The pressure data presented graphically in fig- 
ures 6 and 7 are for the configurations shown in fig- 
ures 4 and 5. Although the geometric throat (which 
is also the exit for convergent SERN nozzles) for these 
configurations is at x/ht ,n = 4.74 in figure 6 and 5.14 
in figure 7, the actual throat (p/pt , j  = 0.528) is posi- 
tioned differently. The actual nozzle throat location 
on the ramp is downstream beyond the end of the 
flap for 8 = 4.4' and results in a skewed sonic line. 
The actual nozzle throat for the configurations with 
8 = 8.9' is near the geometric throat. The discharge 
coefficient is lower for the nozzle with the skewed 
throat. Similar results were noted in reference 15. 
Flow over the ramp for all four configurations ex- 
pands to near-sonic speeds at a point slightly down- 
stream of x/ht ,n  = 4.0. When 8 was increased to 
8.9', a supersonic bubble had formed on the ramp. 
This supersonic flow region inside the nozzle is likely 
caused by the "bump" created by the internal con- 
tour of the ramp. That is, flow that is subsonic u p  
stream and downstream can cause a region of super- 
sonic flow over a bump (ref. 19). 
The data in figures 6 and 7 indicated that the 
ramp static pressures were generally higher for the 
8 = 4.4' cases than for the 8 = 8.9' cases. The higher 
pressure levels exerted (for small values of 8) over the 
large normal area projected by the ramp would be 
expected to result in larger normal-force values (and 
consequently higher resultant thrust-vector angles). 
This is readily apparent in the resultant thrust- 
vector-angle data of figures 4 and 5 with a difference 
of 4.0' to 6.0' between the two ramp chordal angles 
for nozzle pressure ratios greater than 4.0. 
The pressure data for the flap indicated a higher 
static pressure at 8 = 4.4' over the entire flap length 
in both figures 6 and 7. Note that sonic flow is never 
detected on the flap by the available pressure taps; 
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however, sonic flow must exist very near the flap 
termination. 
Initial Ramp Angle 
Figures 8-11 show the effect of varying initial 
ramp angle p on the nozzle internal performance. As 
indicated in table 1, it was possible to vary the initial 
ramp angle while keeping nozzle external expansion 
ratio nominally the same. For this particular set of 
hardware, constant values of p-  8 were maintained 
and initial ramp angle p and ramp chordal angle 
8 were varied together. It would be expected that 
the effect of varying initial ramp angle on internal 
nozzle performance would be very similar to that 
noted previously for varying ramp chordal angle, and 
this is true. The larger values of initial ramp angle 
showed lower performance at the smaller NPR’s with 
equal or slightly better performance at higher nozzle 
pressure ratios. The point at which the performance 
curves crossed was always less than the design NPR. 
(See table 1.) Also, thrust ratio maintained a nearly 
constant level throughout the NPR range. 
Figures 12, 13, and 14 present internal static pres- 
sure distributions for the configurations shown in fig- 
ures 8, lO(a), and 11, respectively. In general, in- 
creasing p-8  decreased pressure on the flap and on 
the upstream portion of the ramp, and it increased 
pressure on the downstream portion of the ramp. 
Flow over the expansion ramp of a SERN nozzle is 
characterized by a series of expansion and compres- 
sion waves reflecting from the ramp and the jet-free 
boundary (ref. 14). The compression waves can co- 
alesce into a shock that causes a sharp pressure rise 
on the ramp. The positioning of these shocks on 
the ramp is a function of NPR, in which the fre- 
quency of the shocks increases with decreasing NPR. 
(See refs. 14 and 20.) The static pressure data at 
NPR = 4.0 in figures 12-14 show the presence of a 
shock on the ramp. At NPR = 10.0, the nozzle is 
at a “flow-full” condition with the shock system be- 
ing effectively “blown out” of the nozzle. This phe- 
nomenon is discussed further in reference 20. 
Figure 14 and the data for p = 6.4” in figure 12 
and p = 10.9” in figure 13 show a supersonic bubble 
as was previously noted in the discussion on ramp 
chordal angle. It is likely that the supersonic bubble 
also exists for the configurations at p = 9.4” and at 
p = 13.9”, but because of the position of the pressure 
taps it is not evident. Examination of these pressure 
data does not indicate the skewed sonic line as was 
seen for varying the ramp chordal angle. As would be 
expected, discharge coefficient is relatively unaffected 
by changes in the initial ramp angle. 
Ramp Length 
Increasing the length of the ramp increased the 
nozzle external expansion ratio from 1.2 for the short- 
est ramp to 2.0 for the longest ramp. (See table 1.) 
Static internal performance data for the three ramp 
lengths tested are shown in figure 15. The effects 
of increasing ramp length on the thrust ratio are 
predominantly due to the corresponding increase in 
nozzle external expansion ratio. The shortest ramp 
has essentially no overexpansion losses at the low 
nozzle pressure ratios with a performance peak near 
NPR = 4.0. As expected, a decrease in performance 
due to underexpansion losses occurs at the higher 
values of NPR. The 8.64 ramp shows initial under- 
expansion losses at the low nozzle pressure ratios fol- 
lowed by performance recovery at the higher nozzle 
pressure ratios. The longest ramp indicates initial 
overexpansion losses followed by a nearly constant 
value of thrust ratio to NPR = 10.0. 
Figure 16 presents the nozzle internal static pres- 
sure distribution on the ramp and flap for the three 
different ramp lengths tested. As expected, increas- 
ing ramp length had no effect on the flap static pres- 
sure distribution at either NPR = 4.0 or NPR = 10.0. 
For the three configurations tested, the nozzle geo- 
metric throat (exit) was at ~ / h t , ~  = 4.74. The flow 
on all three ramps expanded to supersonic speeds 
before the second pressure tap (z/ht,,  = 4.14) and 
remained supersonic over the length of the ramp. It 
is difficult to compare the flow on the three ramps 
directly because the pressure taps are at different po- 
sitions, but as previously discussed, the flow on the 
ramp is a series of expansion and compression cy- 
cles. The pressure distribution on the longest ramp 
shows two expansion-compression reexpansion cycles 
at NPR = 4.0, which is much less than the design 
NPR. (See table 1.) This would be expected from 
the previous discussion. At NPR = 10.0, which is 
still less than the design NPR for the longest ramp, 
there is still a shock on the longest ramp and the 
nozzle is not at the “flow-full” condition described in 
reference 20. 
The fact that the expansion-compression wave 
pattern changes with NPR is also evident in the non- 
linearity of the resultant thrust-vector angle. The 
SERN configurations typically produce both nega- 
tive resultant thrust-vector angles at overexpanded 
conditions on the ramp and positive values of 6 at 
underexpanded conditions. This is obvious in fig- 
ure 15; after the design NPR is passed on the short- 
and medium-length ramps, the resultant thrust an- 
gle increases steadily with increasing NPR. However, 
the longest ramp does not reach this condition. 
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I Flap Angle 
Figures 17-19 show the effect of varying lower 
flap angle on internal nozzle performance parame- 
ters. It was possible to vary flap angle while main- 
taining nearly the same nozzle external expansion 
ratio since nominal throat area remained constant 
and the change in p was all upstream of the throat. 
In general, where there is a discernible difference, the 
thrust ratios increase with increasing p. The greater 
the difference in p, the larger the increment in thrust 
ratio. (See fig. 18(c).) Variations in discharge coef- 
ficient due to changes in flap angle were generally 
small. Figure 17(a) showed the greatest change in 
discharge coefficient. The internal static pressure 
distributions for these configurations are presented 
graphically (F01 in fig. 12 and FQ1 in fig. 6); and, 
as noted previously, the actual nozzle throat of con- 
figuration FQ1 is skewed downstream of the geomet- 
ric nozzle throat, thus causing a decrease in the dis- 
charge coefficient. 
Figure 20 presents the nozzle internal static pres- 
sure distributions for the configurations whose per- 
formance data are plotted in figure 18(c). These 
configurations have the largest /3 difference tested. 
Increasing flap angle increased the static pressure on 
both the flap and the first two-thirds of the ramp. As 
seen, pressure increases on the flap were much greater 
than on the ramp. This was true at both NPR = 4.0 
and NPR = 10.0. There was no effect of changes 
in p evident on the last one-third of the ramp. As 
stated previously, the expansion of the flow over the 
ramp produces a normal force, and the configuration 
with the highest static pressure on the ramp often 
generates the larger resultant thrust-vector angles. 
However, there is also a normal force produced by 
the flow over the flap that opposes the normal force 
produced by the ramp. Even though the area of the 
flap is small as compared with that of the ramp, in 
this case the pressure differential between the two 
flaps is large enough to cancel the pressure differen- 
tial on the ramp at NPR = 4.0. This can be seen in 
the data of figure 18(c) because the resultant thrust- 
vector angles at NPR = 4.0 are about equal; and at 
NPR greater than 4.0, the smaller flap angle shows 
a larger resultant thrust-vector angle. 
Flap Length 
Increasing the length of the flap slightly decreased 
the external expansion ratio for these nozzles (a dif- 
ference of 0.2 or less between the longest and short- 
est flaps tested). Figures 21-25 present the effect of 
increasing flap length on the nozzle internal perfor- 
mance. In general, increasing flap length increased 
thrust ratio. The magnitude of the increase in thrust 
ratio was in part a function of the value of nozzle ex- 
ternal expansion ratio and in part a function of p. 
As p increased, the difference in thrust between the 
4.14 flap and the longer flaps also increased. (Com- 
pare fig. 23 with fig. 22(a).) In all cases where all 
three flap lengths were tested, there is only a slight 
increase in thrust ratio when flap length is increased 
from 4.74 to 5.14 as compared with the increase in 
going from 4.14 to 4.74. As has been true for the 
other configurations discussed, the resultant thrust 
ratio remained nearly constant throughout the NPR 
range. The effect of increasing flap length on noz- 
zle discharge coefficient was generally small with the 
longer flap showing a slightly higher discharge coeffi- 
cient. Figure 21, however, shows a much larger differ- 
ence in discharge coefficient. This data comparison 
is made at the smallest value of ramp chordal angle 
tested (6 = 4.4’), but it is not understood from the 
available data why this result occurs. 
Figure 26 shows nozzle internal static pressure 
distribution for the configurations shown in figure 24. 
Direct comparison of the pressure distributions on 
the flaps is somewhat difficult in that all pressure 
taps on the shortest flap were at an axial location 
upstream of the first pressure tap on either of the 
longer flaps. However, increasing static pressure with 
increasing flap length is indicated. As the length of 
the flap increased from 4.14 to 5.14, the length of 
the expansion-ramp surface was being decreased. It 
therefore follows that the pressure data on the ramp 
in figure 26 should be very similar to the data in fig- 
ure 16 showing the effect of varying ramp length, 
and this is the case. As flap length is increased 
(expansion surface decreased), static pressure is in- 
creased. The expansion-compression cycles at NPR 
= 4.0 indicated by the static pressures would also be 
expected because of the difference in expansion ratio 
previously discussed. At NPR = 10.0, all the nozzles 
appear to be at the “flow-full” condition. 
Conclusions 
An investigation of convergent single-expansion- 
ramp nozzle (SERN) configurations has presented 
the following conclusions: 
1. The configurations tended to maintain a nearly 
constant level of thrust performance throughout the 
nozzle pressure ratio range. 
2. The discharge coefficient decreased for configu- 
rations in which the actual nozzle throat was skewed 
downstream of the geometric nozzle throat. 
3. Increasing the flap length from 4.14 to 4.74 
resulted in a large increase in thrust ratio, but in- 
creasing the flap length to 5.14 yielded only a slight 
increase in performance over the 4.74 flap. Flap 
7 
length was the most significant parameter affecting 
performance. 
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Appendix A 
Internal Geometry of Ramps and Flaps 
The internal geometry of all ramps tested is given in table A l ,  and the geometry of all flaps tested is given 
in table A2. The geometry is presented in terms of nondimensionalized 2 and y locations. 
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~~ I Flap I I Flap J 1 ~~ Flap K 
Y/ht,n xlht,n Ylht,n 
-1.390 0.000 -1.390 
-1.390 2.455 -1.390 
-1.323 2.572 -1.376 














Flap 0 Flap P Flap Q Flap R 
x/ht,n y/ht,n xIht,n YIht,n XIht,n YIht,n XIht,n YIht,n 
0.000 -1.390 0.000 -1.390 0.000 -1.390 0.000 -1.390 
2.260 -1.390 3.536 -1.236 3.598 -1.233 3.683 -1.229 
2.351 -1.382 3.631 -1.222 3.705 -1.216 3.816 -1.205 








Flap S Flap T Flap U Flap V Flap W 
xlht,n Ylht,n xlht,n Ylht,n x/ht,n Ylht,n xlht,n Ylht,n xlht,n Y/ht,n 
0.000 -1.390 0.000 -1.390 0.000 -1.390 0.000 -1.390 0.000 -1.390 
3.884 -1.220 3.892 -1.220 3.989 -1.216 3.862 -1.222 4.031 -1.214 
4.042 -1.188 4.059 -1.184 4.096 -1.199 3.994 -1.197 4.189 -1.181 











Flap M I 
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Appendix B 
Internal Nozzle Static Pressures 
Table B1 presents internal nozzle static pressure data for the ramp and the flap as a function of axial 
location and nozzle pressure ratio for each configuration tested. 
50 
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OF mm QUALITY 
x'ht. n 
1 
NPR 3.675 4.140 4.500 5. OOO 5.800 6.600 7.500 8.400 
Table B1. Ratio of Static Pressure to Jet Total Pressure for Ramp and Flap 
(a) Configuration DQ1 
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e720 




e 6 6 6  
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Table B1. Continued 
(b) Configuration ARl 
ramp pressures, p/p 
t, j 
I I I 
l e 7 1 7  
E e O d ?  
2.9'39 
3.336 
4 e 0 1 0  
5 . 0 1 6  
5 .OQ5 
7.453 
3 e 5 F i d  
1 0 e 0 0 6  
e 7 8  3 
e 7 8 4  
e 7 8 2  
e 7 8 1  
e 7CO 
e 781 
.7t i  1 
e 7 Q l  
e761  
. 7 a i  
e 4 6 9  
e 45 R 
e 4 5 7  
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e4@5 
e 3 6 3  
e 3 0 3  
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e 1 1 3  
0 0 7 0  
e 0 6 9  
e069  
flap pressures, p/pt, 
I I X'ht. n 
1 NPR I 4.050 4.200 4.350 4.500 4.650 
l e 7 1 7  
2 .002  
2 . 5 0 0  
3.036 
4 e 0 1 d  
5.016 
5e9G5 
7 .492  
( ! e 5 ? @  
1 0 e 0 0 h  
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Table B1. Continued 
1 .702  
1 a 9 9 2  
2.501 
2 e999 
1 4 . 0 0 5  
4 .993  
5 .996  
7 .520  
6 .557  
6.610 
10.010 
( c )  Configuration CS1 
ramp pressures, p/p t, j 
I x'ht. n 1 
3.675 4.140 4.500 5.000 5.800 6.600 7.500 8.400 
7 3 4  
e 7 3 0  
7 2 9  
e 7 2 7  
o 7 2 3  
7 2 8  
e 7 t a  
.72a 
0 7 2 0  
a 7 2 3  
e 7 2 8  
.455 
,448  
* 4 4 6  
.445 . 4 4 4  
.443 
.443 
a 4 4 2  
e 4 4 2  
e 4 4 2  
e 4 4 2  
e 5 5 6  








a 3 4 2  
e 3  e 4  
,607 . 5 5 3  
0 4 2 5  
4 2 5  
4 2 4  





e 4 2 0  
e bJR6 
a629  . 534  
e 2 4 3  
~ 2 1 4  
214 
e 2 1 4  
a215  
.215 




a 5 8 2  
e 5 7 5  





0 1 9 %  
1 9 8  
e 6 0 3  
e506  
e 4 0 4  
. 3 9 3  
.291 
a 2 2 7  
.120 
0 1 1 5  
e116  
e 1 1 6  
a 1  16 
flap pressures, p/pt, 
! I 1 I NPR I 4.050 4.200 4.350 4.500 4.650 I 
e 8 3 4  
e831 
a630  
e 8 3 0  
a 8 3 1  
e 8 3 0  
e 8 3 0  
me31 
eC31 
e 8 3 0  
a 5 3 0  
e784  




.7 7 7  
a776 
a776  
0 7 7 6  
e776  
.7 7 6  
e727  
e 7 1 6  
7 1 4  
7 1 4  
m713 
e 7 1 3  
- 7 1 4  
e 7 1 5  
a 7 1 6  
e 7 1 5  
e 7 1 6  
e 6 7 2  
.606 
6 0 2  
.601 
e 6 0 0  
,600 
e600  
e 6 0 1  
- 6 0 2  
e 5 0 2  . 6 0 3  
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Table B1. Continued 
I NPR 
1 .5Q8 
2 .001  
2.5'32 
2 . Q 0 5  
4.003 
4.977 
4 e 9 3 0  
4.944 
6.00'5 
7 .491  
C 5 2 6  
5.525 
10.35 
4.090 4.330 4.570 4.810 5.0501 
9 6 1  0 7 8 8  07 33 e689  e619 
0855  0 7 7 4  0 7 0 7  e658 5 6 0  
. e 5 3  8773  0 7 0 9  e 6 5 0  e 574  
. $ 5 4  7 7 2  ,704 e655 .564 . 854 . 7 7 3  0705 0 6 5 6  e 5 h h  . 9 5 4  0 7 7 1  e703 0 6 5 5  e563 
0854  8 7 7 1  e703 oh55 e 567 . 6 5 4  e 7 7 1  0703 0 6 5 5  e563 
e d55 0 7 7 1  07 03  e655 e 563 . 454 e770  e701  0 b55 - 5 6 4  . 854  7 6 9  e701 0 6 5 5  e564 
,053  076R 07  00 655  
e r ' 5  3 0 7 6 9  e700 e 6 5 5  e 563 
564  -- 
(d) Configuration DU2 
ramp pressures, p/p 
t, j 
3.675 4.140 4.500 5. OOO 5.800 6.600 7.500 8.400 
.747 e 4 7 5  - 6 3 8  0 6 2 6  0599  e617 e536 0 6 1 3  
e73d e425 e6 11 e570 e 498  e532 0 5 5 7  e 5 3 9  . 737  0 4 2 2  .607 e 562  e373 e 346  0 5 4 0  e 4 2 5  . 735  e422  e603 e 5 6 1  e343 e247 e442  e480  
e734 e 4 2 2  0601 e 5 6 1  e 344 e 1 7 4  0161 e 2 0 5  
e 7 3 3  0 4 2 2  e601 5 6 1  ,345 1 7 4  - 1 1 3  e 1 2 7  
.733 .4.?3 e 5 0 1  - 5 6 1  e345 0 1 7 4  0 1 1 3  1 2 7  . 7 3 3  0 4 2 3  e602 e 562  0345  1 7 4  8113 e126 
.733 e423  0 6 0 2  e 562 . 345 0175 e112 e 0 9 1  
e 7 3 2  8 4 2 1  e502 e562  0 3 4 6  e174  e 1 1 3  0 0 8 7  
,732 e 4 2 1  06  0 2  e 5 6 2  e346 e174 e 1 1 3  e087 
e732 0421) 0 6 0 3  0 5 6 2  e 347 0 1 7 4  0 1 1 4  0 0 8 7  
0733  e 4 2 2  e602 e 562 e 346  e175 e 1 1 3  . o w  
.flap pressures, p/p 
t ,  i 
I I 'lht. n 
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Table B1. Continued 
t, n x/ h 
3.675 4.140 4.500 5. OOO 5.800 6.600 7.500 8.400 
- 
(e) Configuration AV2 
ramp pressures, p l p  
t, j 
1 e 700  
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flap pressures, PIPt, 
I I x’ht. n I NPR I 4.090 4.330 4.570 4.810 5.050 
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(f) Configuration CW2 
ramp pressures, p/p 
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Table B1. Continued 
(g) Configuration DI1 
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flap pressures, p/p 
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Table B1. Continued 
(h) Configuration CII 
ramp pressures, p/p 
t, j 
I I x'ht, n 
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Table B1. Continued 
758 0414 0371 
0 754 0399 0 3 2 1  
0753 0 398 032L 
e751 392 0307 
a751 a 392 307 
0751 0394 0307 
750 0 394 a307 
750 0393 0307 
750 0395 0 3  07 
e 753 0 3 v 3  a 3 0 8  
0 750 0393 0308 
(i) Configuration DKl 
ramp pressures, p/p 
t ,  j 
I I t, n x/ h I NPR 3.675 4.140 4.500 5. OOO 5.800 6.600 7.500 8.400 
a 612 o 500 
0465 0534 











































flap pressures, p/p 
I I x'ht. n 
I I ~- I NPR I 3.450 3.600 3.750 3.900 4.050 
10692 
10974 









0 Y O 3  0874 0840 07HQ 
.it97 0872 0834 780 
a 898 0971 0834 0 779 
a 099 871 09 33 0775 
0 900 0571 0933 0 775 
900 e871 a 8 3 3  0775 
0 Y O 0  0971 05132 0773 
0 f3QV 0870 me 3 2  0 773 
0 893 0670 0831 0 774 
0 e 9 9  a970 0 9 3 2  0775 













Table B1. Continued 





2 .437  
2.491 
2 996 
3 . 0 1 3  
4 .910 
5 .012  
6 . 0 0 4  





2 .014  
2.005 








8 .609  
0.098 
ramp pressures, p/p 
t, j 
t. n x/ h 
3.675 4.140 4.500 5.000 5. m 6.600 7.500 8.4001 
. 7 8 4  
0781  
,769 . 777  
7 7 6  
7 7 5  
776 
7 7 6  
.775 
.775 
7 7 5  
7 7 6  
,776 
a425  





4 0 4  
.403 
0 4 0 2  
4 0 2  
e402  
e 4 0 2  
4 0 2  
a 3 3 1  
e 2 9 2  
.292 
e 2 0 0  
r 2 B O  
e 2  77  
- 2 7 7  
e 2  76  









2 4 4  
2 2 9  





e 2 2 5  
* 2 2 5  
a519  
e566 





. L B O  
a116  






5 9 9  




e 2 2 7  
a169  
0 9 1  
. O Q l  
e091  
e091  







e 2 6 2  
0 2 2 9  
.080 
0 7 9  
a078 
.379 
3 6 7  
0 3 7 1  
3 0 4  
0 2 0 8  
0 0 9 8  
a054 
flap pressures, PIPt, 
3.450 3.600 3.750 3.900 4.050 
r 9 3 2  9 9 9  9 69  0 8 2 1  7 4 4  
.929  8 9 6  e963 . P 1 1  e724 
e927  d95 .F 62 010 a 7 2 4  
9 2 9  .e95 .E60 8 0 6  r 7 1 6  
.92:, 9 9 4  m t .  6 0  . a05 7 1 5  
e 9 2 3  .H93 . P 5 0  8 3 4  e713 
9 2 9  . 1 9 5  e 8 6 0  8 0 5  e714 
e 9 2 d  .994 .e59 PO4 a713 
.c27 894 .a 5 9  A05 .712 
e 9 2 3  0894  * t i 5 1  0 8 0 5  e713  
9 2 7  ,893  .85P 906 ~ 7 1 4  
0027 .e94 .P5Y 807 a715 
e927 .993 .e59 .FOR ,716  
ORIGINAL PAGE IS 
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Table B1. Continued 
(k) Configuration CM1 
ramp pressures, p/pt, 
t. n x/ h 1 NPR 1 3.675 4.140 4.500 5.000 5.800 6.600 7.500 8.400 I 




4 .011  
5 .002 
6 .006  
7 .504  
e o 5 0 7  
10 .016  
0 7 4 0  
0734 
e730 . 7 3 0  
7 3 0  
0 7 2 3  
0 7 2 9  
a 7 2 3  
e 7 3 0  
7 3 0  
0 4 1 5  
0 4 0 0  
e 3 9 1  
0 3 8 7  
0 3 8 6  
0394  
a 3P4 
. 3 e 3  
0383  
. 3 a 3  





0 2 4 7  
0 2 4 1  
0 2 4 1  





1 9 9  
l o b  
1 9 6  
1 0 6  
a 1 9 6  
0 1 9 6  
1 9 6  










0 6 7 5  
0 6 2 4  
4 9 1  
0 3 5 5  
243 
0 1 2 7  
0 1 2 5  
e125 
0125 
1 2 6  
e603 
0 5 2 7  
.C 83 
0436  
0 3 2 3  
0 2 7 6  
0 0 8 4  
0381  




0 4 0 1  
0 3 5 2  
0 3 0 3  
e322 
0 2 2 6  
0 0 9 3  
0 0 5 6  
a 0 5 6  
t, j 
f lap pressures, p/p 
1 NPR 
1 .707  
1 . 9 9 0  
2 0 5 0 2  
3.002 
4 .011  
5.002 
6 .006 
7 .304  
8 .607 
1 0 . 0 1 6  
X’ht. n 
1 3.450 3.600 3.750 3.900 4.050 
04.30 a 9 2 6  
0 9 2 5  0 9 2 3  o R R 1  
e927  a922  0879  
a 9 2 6  0 9 2 2  oR7d 
9 2 7  a922  .d77 
a 0 2 6  0 9 2 2  0’376 
e 9 2 7  0 9 2 2  mH77 
0 0 2 6  e922  0875 
a026 9 2 2  0076 
0 9 2 6  e 9 2 2  e976 
0 0 3 3  0738 
. P 2 3  e720 
.e19 m712 
0 8 1 9  0709  
m919 7 0 9  
0 8 2 0  0 7 1 0  
0 8 2 1  0711 
0 8 2 2  0 7 1 2  
. H Z 3  0 7 1 3  
.31Q .710 
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Table B1. Continued 
(1) Configuration AQ1 
ramp pressures, p/p 
t, j 
NPR 




4 .043  
4.930 
6.01Q 
7 . 5 1 3  




t, n x/ h 
4.050 4.200 4.350 4.500 4.650 
.JO9 e 7 6 6  a7 23 6 b 7  .593 
P O 7  e 7 6 3  a 7 1 9  6 6 1  .577 
e 907  e 7 6 3  e 7 1 8  e 6 5 9  .575 . eoa .763 e 7 1 3  a 6 5 9  0 5 7 3  
809 e76 3 . 7 1 3  e 6 5 8  5 7 2  
, H03 e 7 6 3  . ? l a  .65R .572 
R O P  .763  e 7 1 8  e 6 5 8  5 7 2  
.308 e 7 6 3  .7 18 0 6 5 9  b 5 7 3  
$ 0 9  e 7 6 3  .718 6 h O  , 573  . a o q  e 7 6 3  e 7 1 8  . 6 h l  .574 








7 . 5 1 3  
8.5 8 3  
10.01P 
s 7 7 1  
7 7 2  
.439 
e 4 3 6  
.435 
.434 
0 4 3 2  
0 4 3 2  
, 4 3 1  
e 4 3 1  
e 4 3 2  
- 4 3 2  
e 5 3 1  
0 3 8 1  
. 3  79 
.379 
e 3 7 9  
,377 
.377 
0 3 7 6  
e 3 7 6  
e 3 7 5  
,599  
a 5 5 7  
a 4 5 0  
.449 
.449 
4 4 9  
4 5 0  
0 4 5 1  
a 4 5 2  
e 4 5 3  
a616  
,516  
e 4 4 0  
.230 
e223 
2 2 3  
e 2 2 3  
a 2 2 4  
224  
0 2 2 4  
e 671 
6 0 6  
a 5 7 9  
,354 
.153 
0 1 5 0  
e 1 5 0  
e 1 5 1  
.151 
e 151 
e 6 2 9  
e 5 4 7  
.479 
0 5 2 2  
,240 
1 4 7  
e 1 1 2  
0 1 1 3  
8113 
n 1 1 4  
1 5 6  
e 1 4 4  
e 0 7 2  
e 0 7 2  
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Table B1. Continued 
X' ht, n 
4.050 4.200 4.350 4.500 4.650 
(m) Configuration AS1 
I 
ramp pressures, p/pt, 
1 0 7 0 : !  o g 9 4  ,843 0797 e 7 4 0  6 4 7  
1 w 9 9 1  e 890 oP34 07 84 7 2 0  w612 
2 0 4 0 9  0 8 8 9  e833  e782 e715 e605 
2 0 9 9 8  w 990 0 8 3 3  . ~ R Z  0 7 1 5  6 0 5  
3.996 0 8 9 0  0033  07 82 7 1 5  0 6 0 3  
5 0 0 1 6  0 A83 0 0 3 2  0 7 8 0  7 1 5  603 
5.984 e 8 8 9  0 8 3 2  w780 w715 0 6 0 3  
7 . 5 0 0  0 883 .a32 e780 e716 e 6 0 4  
a.622 w 8 8 8  0832  0773  0 7 1 6  0 6 3 5  
1 0 . 3 2 9  0 8 8 3  0632  0779  0 7 1 7  6 0 6  - L 
1 I x'ht, n I 1 NPR 3.675 4.140 4.500 5. OOO 5.800 6.600 7.500 8.400 
1w70d 
1 9 9 1  
204.39 
2 0 9 9 8  
3 0 9 3 6  
5 0 0 1 6  
5 .984  
7 0 5 0 0  
d e 6 2 2  
100029 
0 7 8 7  
7 8 1  
0 7 7 7  
0 7 7 7  
7 7 6  
w775 
0 7 7 7  
0 7 7 7  
e 7 7 7  
.77a 
e 4 8 2  
0 4 6 5  
e462  
0 4 6 1  
0 4 6 0  
0 4 5 9  
0 4 5 9  
0 4 5 0  
w459 
0 4 5 9  
e606 













0 4 4 9  
e 4 4 9  
0 4 4 9  
e450  
e 4 5 1  
e452 
0 6 1 4  
0 5 2 9  
0 347 
0 2 6 0  
0 2 1 7  
0 2 1 7  
0 2 1 7  
217 
0 2 1 7  
217  
flap pressures, p/p 
t, j 
0 6 7 0  
0 6 0 8  
0 5 8 2  
0 4 2 1  
0 1 8 3  
e l 4 6  
0146  
1 4 6  
0 1 4 6  
e147 
. .  






0 1 1 5  
e 1 1 1  
0111 
.111 
0 3 1 4  
m465 
e 1 5 2  
0 1 0 5  
0 0 7 3  
0 0 7 1  
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i .773 
a773 1 0 7 7 0  





770 . 773 
- 7 7 1  
Table B1. Continued 
l o b 3 2  t 1 a Fd5 
(n) Configuration AK1 
903 0 8 7 5  e 6 4 6  .795 0700 
903 a 8 7 1  . f i3a 0784 0 6 8 0  
ramp pressures, p/p 
t, j 







4 . 9 v s  
5.004 
7 a 5 0 Q  
em5n7 
loa009 
a406 . 392  
e386 
e 3 8 6  
0 3 8 5  
0384 
a 3 0 3  
0 3 8 2  





* 2 6 6  
a 2  65 
0 2 6 5  
.2 h4 
a 2 6 4  
oZh4 
a263 
0 2 6 3  
2 64 
a626 . 422 
0 2 3 6  
a235 
0 2 2 1  
.220 
. 2 2 0  . 220  
0 2 2 1  







1 7 0  
e 1 1 6  













0 0 9 1  
0 0 9 1  
0 6 3 2  
a552 




0 2 2 7  











0 0 5 5  
a 0 5 5  
b391  
b303 
flap pressures, p/p 
t ,  j 













0 8 7 0  
0 8 6 9  
R69 
0 8 7 0  
d70  
a070 
o r 3 5  
0.5 37 





a 8  35 
.A34 





0 7 8 0  
0 7 8 1  
7P2 





6 7 1  
0 6 7 2  
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Table B1. Continued 
I NPR 
(0) Configuration AM1 
3.675 4.140 4.500 5.000 5.800 6.600 7.500 8.40C 












I NPR I - -  3.450 3.600 3.750 3.900 4.050 
1.708 




















e 2 9 4  
. 2 R O  
e277 
a27h 






e369 e 5 h 6  
-246 e 386 
e 230 e 3 1 7  
e 226 el78 
e 226 0117 
e 225 e117 
e 226 e117 
e 226 el17 
































flap pressures, p/pt, 
I I t. n x/ h 
le703 









e931 e927 e885 832 
e 328 e923 .Re0 e 8 2 4  
426 m922 ea77 m819 
,927 0 9 2 2  e L. 77 e o l e  
a927 eQ21 e877 e818 
e926 a921 e675 e818 
e 3 2 6  e021 .e76 .@lY 
e427 e921 ed76 a821 
e427 e 9 2 1  e876 .e21 













Table B1. Continued 
(p) Configuration BP1 





4.050 4.200 4.350 4.500 4.650 
t, n x/ h I NPR I 3.675 4.140 4.500 5.000 5.800 6.600 7.500 8.4001 
1.699 
2 . 0 0 d  
2.517 
3 e016 
4 e 0 0 d  
4 . 9 i 7  
6 .005  
7 .50"  
3 .576  
10.035 
e 7 5 6  
e 7 4 5  
, 7 4 4  
a 7 4 3  
e 7 4 2  
7 4 1  
7 4 0  
a 7 4 0  
7 4 0  
7 4 0  
e 4 4 2  
e 4 1 6  
m414 
a413  
0 4 1 2  
e 4 1 1  
e410 
e 4 1 0  
.409 
a 4 0 0  
ah15 
0 5 7 1  
e565  
a5 h3 
e 5 6 1  
* 5 6 1  
e 5 6 1  
e 5 6 1  
e 5 h 2  
e 5 6 2  
a 6 4 0  
.55Q 
s 4 h l  
e 4 6 0  
a460  
e 4 6 0  
s 4 h 0  
a 4 6 1  
e 4 6 1  
.4b2 
bh44 
a 5 6 9  
0474  
e 3 4 9  
e 3 1 4  
e 3 1 3  
8313 
a 3 1 3  
e 3 1 4  
e 3 1 4  
e 600  
500 
* 4 5 1  
a 340  . 2 0 2  
a 1 6 4  
0 1 6 3  
e163 
.1h4 
, 1 6 2  
.59? 
.497 
e 3 2 8  
e 3 5 4  
a 1 9 1  
a191  
.0b8 
e 0 8 7  
.3R3 
a 0 8 3  
e 578  
.484 
a 4 9 3  
a331  
e 1 9 1  
e l l e  
e 1 1 5  
* 1 1 3  
e 0 5 3  
m054 
l a b 9 3  
2 .308  
2.517 
3 a 0 1 h  
4.001.3 
4.OVY 
5 e 0 0 h  





e 7 9 5  
7'46 
7 9 6  
,795 
, 795  
* 7 9 4  
,794  
.793 
e 7 7 4  
e 7 5 4  
e 7 5 4  
.754 
e 7 5 4  
a 7 5 4  
.754 
e 7 5 3  
e 7 5 3  
a 7 5 2  
.7 39 
e 7 1 2  
e7 1 3  
.7 0 3  
a709  









e 6 5 9  
a 6 5 9  
6 5 9  
e 6 5 8  
ah50  
a659  
a 6 3 6  . 5 P R  
e 5 7 9  
- 5 7 8  
a577 
e 576  
a 575  
5 7 4  
e 5 7 5  . 5 7 5  
66 
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(9) Configuration F01 
ramp pressures, PIPt, 
'Iht, n 1 
I I 1 I NPR I 3.675 4.140 4.500 5. OOO 5.800 6.600 7.500 8.4001 





4 e 997 
5 e 9 3 2  
7s 505 
t ie611 












e 3 9 2  
.3P4 
e385 
e385  . 383 
e380 
e378 . 376 
e373 
e6 30 e616 e618 
e 6 0 0  e 5 2 4  e531 
e596 e 489 370 
e594 e489 e 276 
e5 93 e 4 0 8  e 262 
e 5  93 e489 e263 
e593 e 489 e 262 
e593 e 490 e263 
e593 e 490 eZ63 
.593 e 491 e 264 
flap pressures, p/p 
t, j 
I I 'Iht. n I NPR I 4.050 4.200 4.350 4.500 4.650 




























e6 9 2  




























. i 3 e  
13.9 
e l 3 9  





















Table B1. Continued 
I 1.702 
2.000 
2 .441  
Z e y 9 n  
4 . 3 3 1  
4 .344  
5 .030  
4 .074  
6.015 
7 .009  
7of ;OO 
9 . 5 0 1  
4 .624  
S o 4 0 1  
1 D e 0 1'4 
(r) Configuration FQ1 
e f i 37  e U 0 3  e 7 7 1  e 7 2 9  0 5 5 4  
e b 2 7  e 7 R 3  e754  e 7 0 6  e b 2 0  
. R 2 7  e 7 e 7  e 7 5 0  e 7 0 1  e614  
e a 2 6  e 7 e 7  e 7 4 9  0 7 0 1  e 4 1 2  
e 9 2 6  e 7 9 7  0 7 4 3  e 7 0 1  e 6 1 2  
e t t 2 5  m7c7 e74a  e 7 0 0  . h l l  
e 8?6 .7h7 e 7 4 8  7 0 1  e 6 1 2  
826 e 7 p 7  .749 7 0 1  a611  . 925 m7P7 e 7 4 4  .701 e 6 1 1  
e 4 2 5  e 7 6 6  e7 40 e 7 0 1  e 6 1 1  
e A 2 5  .7e6 e74H e 7 0 1  e 6 1 2  
e t124 e 7 t b  e747  0701 e 6 1 2  
e " 2 4  e 7 e h  e747  e 7 0 1  e 6 1 2  
824  e 7 8 6  e7 47 e 7 0 1  e612  
e A24 e 7 0 6  07 47 e 7 0 2  e 6 1 3  
NPR 
1 e 7 0 2  
2 e 0 0 0  
7 . 4 9 1  
2 e9?! ,  
4 .001  
5 .030  
4e '47b  
5.013 
7 .009  
7 .500  
d e 5 0 i  
8.601 
0.0lU 
4 , 9 8 4  
a .624  
ramp pressures, p/p 
t, j 
3.675 4.140 4.500 5. OOO 5.800 6.600 7.500 8.400 
~~ ~ ~~ 
e P17 e 5 6 8  0 6 6 6  e 6 2 4  e 6 1 5  e610  e 5 9 8  e 5 9 1  
* c o b  e 5 3 0  e h  32 e 544  e 5 2 8  e512  e 5 0 0  e 5 1 1  
e 3 0 6  e 5 2 6  0 6 2 1  e 4 9 9  e 377 e460  e 4 1 4  e 3 6 8  
e e 0 5  e 5 2 9  e 6 1 9  e 4 9 8  e 2 9 9  e 2 6 9  e 4 6 1  e 3 6 6  
. P O 5  0 5 2 7  e6 19 e 4 9 8  e 262  e 167  e 1 5 5  e 3 0 2  
e e 0 5  e 5 2 6  e 6 1 e  e 4 9 9  e262  e 1 3 7  0 1 0 3  e 1 4 0  
e 804  e 5 2 6  e 6 1 9  e 4 9 9  e 2 6 2  e137  .102 e 146  
e E05 e526  e 4 1 9  e 4 9 9  e 7 6 2  e137  e104 e 1 3 9  
. e 0 5  e 5 2 6  e 6  19 e 5 0 0  e 263  e 1 3 8  e 0 8 0  e 1 4 6  
e P 0 5  e 5 2 5  e 6 1 9  500  e ? h 4  e 1 3 8  e 0 7 9  e1 25 
e H04 e 5 2 5  e 6 1 9  5 0 0  2 6 4  e 1 3 8  e 0 7 9  e 1 1 4  
e PO4 e 5 2 4  -6 19 501 264 ,138 079 e 0 5 4  
e 5 0 4  e 5 2 4  e 6 1 9  5 0 1  e 2 6 4  e 1 3 8  e 0 7 9  e 0 5 2  
e 8 0 4  e 5 2 4  e 6 1 9  e 5 0 1  e 2 6 4  e 1 3 8  e073 e 0 5 2  
( ~ 0 4  e 5 2 3  e 6  23 e 5 0 2  e265  e 1 3 8  e 0 7 0  0 0 5 2  
flap pressures, p/p 
t, i 
I I 'lht, n 
I I 1 I NPR I 4.050 4.200 4.350 4.500 4.650 I 
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Table B1. Continued 
(s) Configuration BO1 
ramp pressures, p/p 
t, i 







750 0 399 
e 747 e 397 
e 74h 0396 . 745 0395 
e 744 e394 
0 744 .394 
a 744 0393 
e 744 0392 












e 567 e561 
e 464 e 492 
463 o 360 
e 4h3 0 3 1 1  
0463 e 311 
0 463 e311 
e 464 e 3 1 1  
e465 0311 
465 o 3 1 2  
e598 0589 e 576 
502 0 6 9 6  04P2 
a417 e349 a469 
e343 a366 e 3 2 2  
a237 0 1  90 0187 
e l h l  a 1 3 9  0115 
e161 e 3 9 5  0084 
e 161 e085 e117 
161 e085 e064 
0160 e086  e052 
flap pressures, p/p 
t, j 
i I x’ht, n 




2 e SYQ 
4.006 
4 e 994 
5.979 













726 e 6 8 7  






















0 5 3 5  
e 5 3 3  
0 5 3 3  
0 5 3 3  
e 5 3 3  




1 t 6 Q ' J  
2.005 
2 t 5 0 2  
2tQOC 
4.010 










2 e ' 4 Q ! I  
'it010 
5 a05 4 
6.039 
7.001 
7 t 4 9 4  
9.634 
9.982 
Table B1. Continued 
(t) Configuration ET1 
ramp pressures, p/p 
t, i 
3.675 4.140 4.500 5. OOO 5.800 6.600 7.500 8.400 
,773 t471 e 5 3 2  t 598 t605 e668 e 568 ,606 
t 776 e467 e379 557 t 502 e bo1 e596 ,527  
e 774 t469 t377 t40Q t 447 t561 e519 e 444 
,773 ,469 t370 0408 e227 e425 t537 e404 
0 773 e469 e 3  A0 e 408 e197 e132 t391 .480 
t 773 e470 t380 t408 tl97 e114 t124 t199 
.773 e 4 7 1  - 3  e0 409 .198 e114 e104 t121 
t 773 e472 ,379 e 4 1 0  tlQ9 e114 e104 e087 
t773 e472 e379 e 410 a199 t114 e104 e085  
t 773 .473 e37d e 410 e199 e 114 e104 ,085 
t 773 e473 .3 77 t411 ,199  t114 a i o5  e085 























































e 5 0 8  
607 
t 5 0 8  
t 60P 
e 60P 
e 6 O A  






(u) Configuration BJI 
ramp pressures, p/p 
t, i 
~ 
1 0 7 0 0  
2 0 0 6  
2 0 5 0 1  
2 0 9 3 6  
3 0 QQ6 
5.01' 
5.000 
6 0 0 0 4  
7 0 5 1 4  
8 0 6 0 2  
1 0 0 0 7 3  
0759  
0 7 5 2  
7 5 0  
0 7 4 6  
a 7 4 6  
. 7 ' C  
7 4 6  
7 4 6  
0 7 4 6  
7 4 6  
7 4 6  
0 3 9 6  
0 3 8 1  
3 7 6  
0 375  
0374  
. 3 7 2  
0 3 7 1  
0 3 7 1  
e 3 7 1  
3 7 1  
3 7 1  
0509  
0 3 4 2  
0 3 2 8  
0 3 2 7  
0 3  26 
. i ? f  
0 3 2 4  
0 3 2 4  
0 3 2 4  
0 3 2 3  
m324 
0 6 3 9  
530 
275  
0 2 5 7  
256  
0 2 2 5  
0256  
2 5 6  
2 5 6  
0 2 5 6  
0 2 5 6  
0642 
0 5 8 8  
0 5 2 3  
240  
0 1 7 9  
017a 
0 1 7 8  
1 7 0  
1 7 ?  
0 1 7 0  
1 7 8  
0 5 9 8  
0 5 0 3  
442 
0 4 7 8  
. 2 ? 0  
.lob 
0105  
0 1 0 5  
0105 
105 
1 0 6  
5 9 0  
e 5 0 1  
0 3 6 0  
0 3 2 7  
e 205 
0 1 5 2  
0069 




t, j f lap pressures, p/p 
I I t. n x/ h -, .. ! NPR I 3.450 3.600 3.750 3.900 4.050 
l o 7 0 0  
2 006  
2 0 5 0 1  
2 0 4 9 6  
3 0 9 9 6  
5 0 0 1 4  
6 0 0 0 0  
6 0 0 0 4  
7 0 5 1 4  
8 0 6 0 2  




0 8 8 4  
0 8 8 3  
6 8 3  
a 883 





0 9 5 8  
0 3 5 9  
0 8 5 9  
a 6 5 5  
0 8 5 9  
a059 
OB59 
0 8 5 3  
0 8 5 8  
OR58 
08 35 
0 8 2 9  
.A 29 
0827 
0 8  26 
0825 
0 8  26 
0826 
0 9 2 6  
0 8 2 5  
.a25 
7 8 8  
077R 
0775  
0 7 7 3  
0773  
0 7 7 3  
a 7 7 4  
0 7 7 4  
0 7 7 5  
7 7 6  
7 7 6  
0 7 2 3  
0703 
0 60R 
0 6 9 5  
6 9 4  
ob94 
0694 
6 9 4  
5 0 6  
oh07  
698 
a 578  
0485 
0436  
- 2 6 3  
e329  
0 2 1 6  
0 1 4 7  
1 4 7  
0 1 1 9  
0 1 0 3  
0069 
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Table B1. Continued 
(v) Configuration EN1 
NPR 
NPR 
ramp pressures, p/p 
t, i 
'lht. n 
3.675 4.140 4.500 5.000 5.800 6.600 7.500 8.400 
e7Yb 
- 7 7 3  
e 7 7 4  
e 7 7 2  
a 7 7 1  
e 7 7 1  
8 7 7 0  
e 7 6  9 
8 7 6 3  
-763 
7 h 9  
e 7 h 3  
e 7 6 3  
e42 3 
e 401, 
a 4 0 3  
8 4 0 3  
e 4 0 3  
e 4 0 2  
e 4 0 3  
e 4 0 4  
e 4 0 5  
e 4 0 5  
e 4 0 5  
e 4 0 6  
e 4 0 6  
.290 
e 2 4 9  
e237  
e 2 3 3  
.2 33 
8 2  33 
e 2 3 2  
e 2  32  
e 2  32 
r Z  3 2  
e232  
e 2  71 
e 2 3 1  
e 6 0 2  
e 385  
e 2 0 2  
e 1 9 0  
e1R5 
a184 
e 1 8 4  
.1R4 
135 
e l R 4  
e 185  
e 185 
1 8 9  
e 6 1 0  
8 5 7 1  
e 3 4 h  
e 2 9 8  
e 3 0 1  
e 2 1 9  
e 101 
e100 
e l 0 1  
e102  
b 1 0 2  
e 1 0 2  
e 1 0 1  
- 6 6 2  
e 5 9 3  
- 4 8 6  
e 3 1 0  
e 3 1 4  






- 0 6 7  
e067  
e 6 6 3  
8 5 9 3  
e 5 3 3  
b395  
e 4 0 1  
e 2 4 6  
e 1 7 2  
e 1 5 9  
e 0 7 0  
e070 
e370  
e 0 7 3  
e 0 7 0  
e 6 0 8  
a 5 2 3  
e 4 5 4  
e 4 0 4  
a406  
e 2 9 4  
e 2 8 8  
e 2 2 4  
1 9 5  
e 0 6 5  
e 0 6 6  
e 0 6 4  
e 0 6 4  
flap pressures, p/p 
t, i 
t. n x/ h 
3.450 3.600 3.750 3.900 4.050 
8 % 2 6  
- 9 2 3  
e V 2 5  
- 9 2 5  
8 925  
e 925  
e q 2 5  
e 9 2 5  
a 4 2 5  
e F25 
8 9 2 5  
e 9 2 5  
e 9 2 5  
e 9 3 1  
e 9 2 9  
e 3 2 9  
e 9 2 Y  
9 2 9  
8 Q 2 Y  
e 9 2 9  
e 3 2 9  
e 9 2 9  
e 9 2 9  
e92Y 
e 5 2 9  
. Y 2 R  
*YO0 
.E96 










e P 9 2  
e 546  
e930  
.934 
e 6 3 2  
e 833  
e d33 
e 8 3 3  
,834  
e 834 
e 8 3 5  
e 9 3 5  
8936  
. e 3 6  
e 7 6 5  
a746 
e 7 3 8  
e 7 3 5  
e736 




8 7 3 h  
e736  
e737  
e 7 3 8  
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Table B1. Continued 
'Iht, n 
3.675 4.140 4.500 5. OOO 5.800 6.600 7.500 8.400 
(w) Configuration AU2 
ramp pressures, p/p 
t, j 
1 . 7 0 2  
2.015 
2 0 5 0 4  
2 .998  
4 .303 
5 .001  
6 .010 
7 .492  
8 .586  
9.999 
0 7 5 2  
w747 
7 4 6  
7 4 6  
w745 . 7 4 5  
0744  . 7 4 5  
0745 
0745 
0 4 0 1  
0 3 9 0  




e 3 8 4  
.38 3 





- 3 5 6  
.3 55 
0 3  55 
0354  
0 3  52 
0 3 5 2  
0 3 5 1  









- 6 2 2  
0520 
- 4 0 7  
e 3 3 1  
0 3 3 1  
0 3 3 1  
0332 
w332 . 332  
w 3 3 3  
6 7 4  
0 6 1 1  
0 5 6 5  
w307 
w216 
0 2 1 6  
216  
0216  
0 2 1 6  
0 2 1 6  
w433 
e550  
0 4 8 6  
w560 
w228 
0 1 9 9  
e 1 5 0  
0 1 5 0  
w150 
01 5 1  
. 5RP . 4 9 3  
0374 . 3 4 9  
0257 
0 1 4 5  
w120 




1 .702  
2 .015  
2 5 0 4  
2 . 9 9 8  
4.003 




9 . 3 3 9  
t, j 
flap pressures, p/p 
'Iht. n 
4.090 4.330 4.570 4.810 5.050 
.e45 w755 0 6  81 w639 0 5 8 8  
8 4 1  w744 w654 . 575 0 478 
8 4 1  0744  0 6 5 3  w 5 7 4  4 7 6  . 6 4 2  0744  0 6  52 w573 0 4 7 4  . e 4 1  0743  0 6 5 1  w 572  w471 
$ 4 1  0 7 4 3  0 6 5 1  572 471  
w 8 4 1  w743 06 50 w572 w471 
w341 7 4 2  0 6  50 . 573 0 4 7 1  
wR40 w742 0 6 4 9  . 573 w471 . b40  0 7 4 1  0 6 4 9  . 573 w472 
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Table B1. Continued 
(x) Configuration AW2 
ramp pressures, p/p 
t, j 
I 'lht- n . ..

























e403 . 49 2 















































e 5 5 3  
a229 
163 
e 1 3 3  
b 1 3 4  
134 
e 1 3 5  
585 
e 5 0 0  
e377 
e 324 
e 3 5 1  
0151 
.108 
. o e i  
.oei 
e 0 8 1  
flap pressures, p/p 
t, j 











e 9 0 1  e052 e 790 e729 . 694 .9&3 e776 e 706 
e 694 .e41 e772 e 700 . 994 ed41 e771 e 699 
b 094 940 e772 e 698 
e 993 e840 e770 698 
en93 e840 e7 70 e 6 9 8  
e 893 m940 e770 r69R 
e 633 .d39 0769 699 . BY3 e639 0769 0699 
e644 
e607 . 599 
e597 
e 596 
e 594 . 598 




I Table B1. Continued 






2 0 494 








ramp pressures, dp,, 
a ElOD 0467 0442 o 621 0652 709 0h95 611 
791 0453 e344 0 497 0 50P o 660 645 a538 
0786 0 449 0345 0429 0501 528 a 6 1 9  0 479 
782 a449 0345 0437 e 501 o 450 0426 0453 
7d1 e44 5 e342 0438 e497 0447 0414 e 270 
0 780 .444 0341 0435 e 497 0446 e415 269 . 779 0442 0339 0429 e 496 a445 0415 e 269 
e 779 e442 e331 e 427 049b 0445 e 397 e269 
0 779 0442 0339 0427 0497 0446 0392 0209 
0 773 e442 0 3 3 8  .425 0 497 0446 0337 270 
o 730 0443 0340 0433 0 447 e445 0415 26e 
” ht. n 
.h45 0.312 0765 a715 oh18 
.e42 ma01 0753 e 4Q0 0 573 
0841 0800 0743 0697 569 
0 844 O H 0 2  0753 0688 0 5 h 9  
P4Z 0798 e749 0686 0 567  
b41 .79R 0745 0696 e567 
094‘3 a796 0747 06A6 567 
0533 0 794 0746 686 0567 
o ‘ 2 3 R  0794 0745 .be6 0 547 
o b 3 9  0794 0745 0686 0567 
a 6 3 3  0793 0745 687 e568 
, 
NPR 3.675 4.140 4.300 4.500 4.800 5.100 5.500 6.000 
flap pressures, p/pt, 
X’ht. n 





3 0 9 v 5  
4.986 
5 . 0 0 5  
7.493 
P o 5 1 4  
A e b l i !  
100012 
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Table B1. Continued 
(z) Configuration GR3 
ramp pressures, p/p 
t, i 
1 0 7 0 3  
2 0 0 0 0  
3.007 
2 530 
4 e 0 0 2  
5 .003  
h.323 
5 e Q d 4  
6.567 
7 8 4 P 9  
4 8 5 7 1  
8.5fib 
io .nz7 
NPR 1 3.675 4.140 4.500 5.500 6.800 8.100 9.400 
7 0 0  8 4 6 4  8594 e 594  8 6 0 1  e649  8 6 0 9  0 5 @ 0  
87FS .454 e463 0 4 9 6  0 5 1 1  0574  e522 0 4 9 0  
8 7 8 3  0 4 5 2  8 4 53 0287 8240 e493 0 3 7 6  0 3 1 0  
e 7 8 3  e453  e454 0 363 e455 0 5 0 3  0 4 2 1  e 4 0 7  
e 7P2 e 4 5 1  e460 e 2 8 2  e 1 4 7  0 3 0 5  0345  0 3 1 8  
0761 0 4 5 0  0453 8 2 R l  .OF8 e203 0 2 7 0  e 2 1 2  
e730 e 4 5 0  -4  56 8 2  91 e 0 9 8  8149  e246 0 2 4 8  
0 7HO e 4 4 9  84 5 5  e261  8 097 e l 5 0  e 2 4 5  24A 
.7a0 .449 .4 5 3  e 2 P 1  e 097 8 070  e177 0 2 4 3  
o 7 5 0  e 4 4 9  a451  8 2 8 1  e 009 e 0 7 0  e144  e 2 3 7  
0 7 a 0  e 4 4 9  e449 e 2 P O  0 997  e 0 7 0  0053  0 2 1 1  
~ 7 8 0  .449  .449 . 2 H O  8 397 0 6 9  0 0 5 3  e 2 1 0  
8 7 R O  e 4 4 9  0447 0 2 9 1  o O Q R  0070 0053  0 1 3 5  
10.9m; 
t, j 
flap pressures, p/p 
I I 'lht, n 1 NPR I 4.050 4.200 4.350 4.500 4.650 
1 . 7 0 3  
2 8 0 0 j  
3 8 0 0 7  
7 . 5 0 0  
4 0 0 0 2  
5 0 0 0 3  
6 e 3 2 0  
5 0 $134 
b e y 6 7  
7 . 4 9 0  
P o 5 7 1  
8 . 5 8 6  
1 0 . 3 2 7  
e 840  
R36 
e ($37 
e F 33 
e 939  
8 t739 
e 3 3 9  
o J 3 d  
8 r '37 
e n 3 3  
0 c 3  7 
- 8 3 7  
e 8 3 3  
8 7 9 0  
e 7 9 2  






r 7 9 3  
e 7 9 3  
0 7 0 3  
















0 6 9 6  
e SR4 
e 6 @ 4  
0 6 0 4  
0 6 P 5  
e 646  














0 5 6 8  
8568 
8 5 6 8  
0 5 6 s  
8 569 
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Table B1. Concluded 
t ,  n x/ h 
3.675 4.140 4.500 5.000 5.800 6.600 7.500 8.400 
(aa) Configuration BV2 
t, j 






3 . 9 9 2  
5.041 
6.014 






a 777 . 773 
, 7 7 7  
b 777 




, 5 8 1  
e562 
























a 604  
604 
6 0 4  
.64n 
0 5 7 0  
, 4 9 9  
e 4 2 1  
a405 








, 3 2 6  
a 227 
~ 1 9 5  












, 3 9 7  
.0y7 
.5a0 
~ 4 6 7  








flap pressures, p/p 
t, j 
'lht. n 
I J 1 I NPR I 4.090 4.330 4.570 4.810 5.050 I 










e b 3 Z  
. O R 3  





























0 6 2 5  
a6Qb 
.503 
a b 0 2  







Normal-Force and Pitching-Moment Coefficients for Each Configuration 
I 
The normal-force and pitching-moment coefficients are presented as a function of nozzle pressure ratio in 
the following figures: 
Figure 
Effect of ramp chordal angle. 9: 
Iflht. n = 4.74; p-9 = 2.0'; /3 = 15.0' . . . . . . . . . . . . . . . . . . . . . . .  C1 
l f l h t .  n = 5.14; p-9 = 5.0'; p = 18.0' . . . . . . . . . . . . . . . . . . . . . . .  C2 
Effect of initial ramp angle. p-9: 
B = 4.4'; l f lht .  n = 4.74; p = 10.5" . . . . . . . . . . . . . . . . . . . . . . . .  C3 
9 = 8.9"; Iflht., = 4.14; p = 4.0" . . . . . . . . . . . . . . . . . . . . . . . .  C4(a) 
9 = 8.9'; Iflht. n = 4.14; p = 15.0' . . . . . . . . . . . . . . . . . . . . . . .  C4(b) 
9 = 8.9'; If /ht .  n = 4.14; p = 21.0' . . . . . . . . . . . . . . . . . . . . . . .  C ~ ( C )  
9 = 8.9"; Iflht., = 4.74; = 21.0' . . . . . . . . . . . . . . . . . . . . . . .  C5(b) 
9 = 8.9'; If lht .  n = 5.14; /3 = 21.0' 
9 = 8.9'; lflht.,  = 4.74; /3 = 15.0' . . . . . . . . . . . . . . . .  ; . . . . . .  C5(a) 
. . . . . . . . . . . . . . . . . . . . . . . .  C6 
Effect of ramp length. 1 ,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C7 
Effect of flap angle. p: 
0 = 4.4'; lflht.,  = 4.74; p-9  = 2.0" 
9 = 8.9'; l f lht .  = 4.14; p-9 = 2.0' . . . . . . .  
9 = 8.9'; IfJht.,  = 4.14; p-9 = 5.0' . . . . . . .  
9 = 8.9'; lflht.,  = 4.14; p-9  = 8.0" . . . . . . .  
9 = 8.9'; Iflht., = 4.74; p-9 = 5.0' . . . . . . .  
9 = 8.9'; lflht.,  = 5.14; p-9 = 5.0' . . . . . . .  
. . . . . . .  
9 = 4.4'; l f / h t .  n = 4.74; p-9 = 5.0' . . . . . . .  
. . . . . . . . . . . . . .  C8(a) 
. . . . . . . . . . . . . .  C8(b) 
. . . . . . . . . . . . . .  C9(a) 
. . . . . . . . . . . . . .  C9(b) 
. . . . . . . . . . . . . .  C9(c) 
. . . . . . . . . . . . .  ClO(a) 
. . . . . . . . . . . . .  ClO(b) 
Effect of flap length. l f :  
9 = 4.4'; p-8 = 5.0'; /3 = 13.5" . . . . . . . . . . . . . . . . . . . . . . . .  C11 
9 = 8.9"; p-9 = 5.0'; p = 15.0" . . . . . . . . . . . . . . . . . . . . . . .  C12(a) 
9 = 8.9'; p-9 = 5.0'; p = 18.0' . . . . . . . . . . . . . . . . . . . . . . .  C12(b) 
9 = 8.9'; p-9 = 5.0'; p = 21.0' . . . . . . . . . . . . . . . . . . . . . . .  C12(~)  
9 = 8.9'; p-9 = 2.0'; p = 15.0' 
9 = 8.9'; p-9 = 8.0"; p =  21.0' . . . . . . . . . . . . . . . . . . . . . . . .  C14 
. . . . . . . . . . . . . . . . . . . . . . . .  C13 
C15 9 = 13.4"; p-8 = 5.0'; p = 22.5' . . . . . . . . . . . . . . . . . . . . . . . .  
78 
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Configuration e, deg 
0 FQ 1 4.4 













- 4  





- 2 4  




- 4 4  
5 7 9 11 1 3 5 7 9 11 1 3 
NPR NPR 
Figure C1. Effect of ramp chordal angle on normal-force and pitching-moment coefficients for If/& = 4.74, 









I Figure C2. Effect of ramp chordal angle on normal-force and pitching-moment coefficients for I f /h t , ,  = 5.14, 
p-8  = 5.0', and p = 18.0'. 
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Configuration 








. 4  
0 
-. 4 



















1 3 5 7 9 11 
NPR 
Figure C3. Effect of initial ramp angle on normal-force and pitching-moment coefficients for 8 = 4.4', 
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. 4  
0 
Configuration P,deg 
0 FO 1 10.5 
0 FO 1 15.0 
3 5 7 9 11 -.4 
NPR 
- 1  3 5 7 9 11 
NPR 
(a) p-8  = 2.0'. 
Figure C8. Effect of flap angle on normal-force and pitching-moment coefficients for 8 = 4.4" and 
l f /h t ,n  = 4.74. 
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(b) p-8 = 5.0". 
Figure C8. Concluded. 
Configuration P,deg 
0 BO1 10.5 
0 BP1 13.0 
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Configuration Z{ht, 
0 BJ 1 4.14 

























-44 1 3 5 7 9 11 
NPR 
Figure (211. Effect of flap length on normal-force and pitching-moment coefficients for 6 = 4.4', p-6 = 5.0°, 
and p = 13.5'. 
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0 AL1 4.14 
0 A R l  4.74 
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- 4  
-8 
- 1 2  
- 1 6  
- 2 0  
- 2 4  
- 2 8  
- 32 
- 3 6  
- 4 0  
- 4 4  1 3 5 7 9 11 
NPR 
(b) p = 18.0’. 
Figure C12. Continued. 
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Configuration I /h 
f t,n 
0 CM1 4.14 
0 cs1 4.74 





- 4  
- 8  
- 1 2  
cm 
- 1 6  
-20 
- 2 4  
- 2 8  
-32 
- 3 6  
-an 
101 
. -  
3 5 7 9 11 1 3 5 7 9 11 1 
NPR NPR 
Figure C14. Effect of flap length on normal-force and pitching-moment coefficients for 8 = 8.9', p-8 = 8.0', 
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